Abstract We report the case of a maintenance hemodialysis patient with severe hyperphosphatemia (26.6 mg/dL) who developed acute tumoral calcinosis. The patient started receiving maintenance hemodialysis after being diagnosed with type 2 diabetes mellitus. The patient's phosphate levels suddenly increased. He had not taken the prescribed phosphate binders for the past 5 years. He noticed swelling of the palmar aspects of his right thumb, which was diagnosed as tumoral calcinosis. His serum phosphate level reached 26.6 mg/dL. He started taking medication to lower his serum phosphate levels. The patient had a long history of eating convenience foods. As food additives in convenience foods could be a major source of phosphate, the patient corrected this habit by replacing convenience foods with special foods for dialysis patients. His symptoms improved along with the decrease in his serum phosphate levels. The main reason for the abrupt decrease in phosphate levels could be the correction of his dietary habits. Therefore, phosphate levels in processed foods should be carefully considered in dialysis patients.
Introduction
Ectopic calcinosis in patients with chronic kidney diseasemineral and bone disorder (CKD-MBD) is of two types, namely tumoral calcinosis and Mönkeberg's medial calcification. Tumoral calcinosis is induced by P 9 cCa [ 60 (mg/dL) 2 . Mönkeberg's medial calcification is evoked through transformation of vascular medial smooth muscle cells into osteoblasts by persistent hyperphosphatemia.
We experienced an interesting case of a hemodialysis patient with acute tumoral calcinosis due to extremely high phosphate levels (26.6 mg/dL). We report that correction of the patient's dietary habit could be a treatment option. Adding phosphate to food improves its taste [1] . Hence, convenience foods, including cooked chicken (Karaage) and carbonated beverages, contain relatively high levels of phosphate. Estimation of phosphate intake is difficult to determine, as disclosure of the phosphate contents in the additives of processed foods is not required by public health authorities. However, it cannot be overlooked, especially in hemodialysis patients. Here, we discuss the potential impact of dietary phosphate in convenience foods on dialysis patients.
Case report
The patient was a 50-year-old man whose chief complaint was a growing tumor located in his right thumb and middle finger. His height and weight were 161.5 cm and 75.5 kg, respectively. His body mass index was 28.9 (kg/m 2 ) and blood pressure was 160/70 mmHg. [2] . Thus, the total absorbing capacity of these phosphate binders was 563 mg. A 25-mg dose of cinacalcet was consistently used. We also prescribed alfacalcidol (0.5-1.0 lg), but not 22-oxacalcitriol.
However, it was disclosed that he did not take the prescribed phosphate binders. Two months later, he noticed swelling of the palmar aspects of his right thumb and middle finger. His serum phosphate level reached 26.6 mg/ dL by mid-month in January 2012 (Fig. 1) . These tumors did not cause any pain at this point. In February 2012, a mass appeared on the palmar aspect of his right middle finger and another on his right thumb. As the mass was initially considered to be a tumor, the patient was referred to an orthopedist. Radiography revealed a lobulated calcification in his right hand (Fig. 2, left) , while no medial calcification was detected in the arterioles. Subsequent magnetic resonance imaging indicated that the mass was likely to be a giant cell tumor. However, a subsequent biopsy confirmed the presence of calcium in the mass. Finally, it was diagnosed as tumoral calcinosis due to acute phosphate loading. His whole parathyroid hormone (w-PTH) level was 127 pg/mL. His int-PTH or w-PTH was not followed up periodically. No imaging data were obtained for the parathyroid.
The growth of the tumors compelled the patient to take the prescribed drugs and change his dietary habits from consuming convenience foods to consuming delivery foods for dialysis patients. Since mid-February 2012, his phosphate levels declined to 10 mg/dL. By the end of April, it reached 5 mg/dL (Fig. 1) . By the end of June 2013, the mass in his thumb had disappeared, and only a slight calcification remained on his middle finger (Fig. 2, right) . During the clinical course, the patient was prescribed three types of phosphate binders (Fig. 3) .
We determined the patient's potential daily phosphate intake. Before nutritional counseling, he consumed five or six canned coffees daily, corresponding to at least 225 mg of phosphate (45 mg of phosphate per canned coffee, Table 1 ). He also consumed side dishes, rice balls, and chicken products three times per day (116 mg phosphate/ chicken piece 9 5 pieces 9 3 times per day = 1740 mg). Thus, he consumed at least 1965 mg of phosphate per day. The absorption capacity of the prescribed phosphate binders was 496 mg. Thus, the balance of phosphate loading per day was at least 1039 mg. This explains the steep elevation of the phosphate level to 26.6 mg/dL (Table 2) . Unfortunately, we could not estimate the total amount of dietary phosphate in the processed foods he consumed because disclosure of phosphate amounts is not required by public health authorities. By contrast, the delivery foods prepared for dialysis patients contain about 700 mg of phosphate per day. Therefore, we assumed that the abrupt decrease in his phosphate levels might have been induced by correcting his dietary habits.
Discussion
In patients with normal renal function, approximately 600 mg of phosphate is absorbed and excreted daily, and does not cause any accumulation of phosphate in the body. In Japan, patients on maintenance dialysis are usually treated three times per week for 4 h per visit. Through this process, patients are able to excrete an average of 430 mg of phosphate, resulting in an accumulation of 170 mg of phosphate in the body per day [3] . Of the inorganic phosphates in food additives, 90 % are absorbed, whereas only 40-60 % of the organic phosphate in protein is absorbed [4] . In the present case, inorganic phosphates from food additives contributed to the acute elevation of phosphate levels as described earlier [5] . We consider that the extremely severe phosphate burden caused the acute tumoral calcinosis. However, nutritional counseling helped the patient to improve his dietary habits after the occurrence of tumoral calcinosis and reduced his phosphate levels to 3-4 mg/dL. CKD-MBD is associated with two types of ectopic calcification [6] . Alpha-klotho is a co-receptor of fibroblast growth factor 23 (FGF23), which is involved in phosphate and calcium homeostasis [7] . Owing to the decrease in alpha-klotho expression during the early stages of renal injury, FGF23 could not mediate its phosphaturic action. Coincident accumulation of phosphate rather stimulates FGF23 release from osteocytes. The function of FGF23 that suppresses the activation of vitamin D reduces Ca absorption in the intestine, resulting in hypocalcemia. In its lineage, hyperparathyroidism is accelerated. High PTH evokes high turn-over bone remodeling. Excessive recruitment of P and Ca from bone matrix to blood induces tumoral calcinosis. Acute increase in phosphate levels could cause tumoral calcinosis. In fact, tumoral calcinosis in Galnt3 knock-out mice could be treated with dietary restriction of phosphates [8] . In general, excess phosphate and calcium are deposited in soft tissue, which can be a potential mechanism for the development of tumoral calcinosis.
By contrast, Mönkeberg's medial calcification is another phenotype caused by hyperphosphatemia. Continued hyperphosphatemia could stimulate transformation of the arteriolar medial vascular smooth muscle cells into osteoblasts, which may be the mechanism underlying Mönkeberg's medial calcification. This process has been demonstrated in vitro using human vascular smooth muscle cells (VSMCs) and in vivo in mice [9] . Similarly, bone mineral deposition also occurs in the media of the peripheral artery in humans, where human VSMCs then develop osteoblast characteristics [10] . Once these cells express increased levels of sodium-dependent phosphate co-transporters in hyperphosphatemic conditions, calcification is induced in VSMCs even under conditions of normal phosphate levels [11] . Unlike Mönkeberg's medial calcification, the condition P 9 cCa [ 60 (mg/dL) 2 produces intimal calcification via a passive process, which is characterized by a patchy appearance on radiographs. By contrast, Mönkeberg's medial calcification is associated with the ''tram track'' phenomenon due to transformed vascular medial osteoblasts. In terms of pathophysiological mechanism, the condition P 9 cCa [ 60 (mg/dL) 2 causes not only soft tissue tumoral calcinosis but also vessel stenosis, whereas Mönkeberg's medial calcification causes sclerosis. Physiological examination has shown a reduction in the ankle brachial index in patients with vascular stenosis as compared with the exacerbation of the brachial ankle pulse wave velocity in patients with vascular sclerosis. Cardiovascular disease results from both types of calcifications [12] . The mortality rate among patients with CKD-MBD is 10-to 20-fold higher than that among healthy people [13] . In the 1980s, foods containing high phosphate levels induced secondary hyperparathyroidism, even in people with normal kidney function [14] . Therefore, increased attention should be paid to the presence of food additives to avoid hyperphosphatemia due to the presence ? means no evaluation of excessive inorganic phosphates [15, 16] . This is a public health problem, as disclosure of the phosphate content of foods is not currently mandated by public health authorities. Calcium phosphates and potassium phosphates are used in beverages and enhanced meat, poultry, and fish products. The public remain unaware that they are consuming high levels of phosphates from these processed foods [17] , especially chicken products [18] . Companies that produce processed foods may explain the addition of inorganic phosphates to their products as flavor enhancers in beverages, leavening agents in baked goods, preservatives in meats, and cleaning agents in toothpaste. Uribarri et al. reported on the lack of information provided about the amount of phosphates in American-style fast foods [19] . Incorrect dietary instructions for reducing phosphates might have also been provided to maintenance dialysis patients. Although food additives are the main source of phosphates in the diet, low protein intake is enforced for maintenance dialysis patients. Thus, traditional dietary instructions have led to aggravated costs, morbidity, and mortality in CKD-MBD patients [20] . Sherman et al. recommended that dietary instructions should be changed to focus on reducing phosphate levels by restricting food additives in the diet. Dietary instructions that recommend protein restrictions may shorten the lifespan of these patients, whereas reducing the consumption of food additives is an easy and effective method for improving hyperphosphatemia [21] . Avoiding phosphate intake is considered to be a means of controlling phosphate levels. Therefore, the most effective treatment of ectopic calcinosis is the restriction of the intake of inorganic phosphates in food additives or beverages. Prescription of phosphate binders and hemodialysis are adjunctive measures.
The utilization of both phosphate and calcium in the body is also important and involves effective recycling of phosphates in the body. A normal, balanced turnover of bone effectively increases hydroxyapatite levels by the suppression of the recruitment of phosphates from the bone matrix. Conversely, a matching of phosphate and calcium moving into the bone matrix leads to a reduction in serum phosphate levels. Thus, controlling a balanced turnover of bone is also important for lowering serum phosphate levels [22] .
Overall, acute tumoral calcinosis induced by acute phosphate loading may disappear after appropriate dietary intervention, and administration of phosphate binders and cinacalcet. If the inorganic phosphate supply from foods is curtailed, phosphate and calcium from ectopic calcification are relocated to the bone matrix as hydroxyapatites, reducing the symptoms of tumoral calcinosis. 
